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1
POROUS ALUMINUM OXIDE

This application is a §371 of International Application No.
PCT/EP2012/057389 filed Apr. 23, 2012, and claims priority
from German Patent Application No. 102011 007 916.5 filed
Apr. 21, 2011.

The invention relates to porous aluminum oxide, methods
for producing same, and use thereof.

Porous aluminum oxide is often used as substrate material
for filtration applications or as a substrate material for cata-
lysts (catalyst support). In the use as a catalyst support, in
particular as a substrate material for gas phase reactions of
ethylene to produce ethylene oxide, a high-porosity Al,O;
ceramic is usually used. However, the requirement for the
highest porosity possible conflicts with the desire for the most
solid substrates possible, i.e., substrates with low abrasion.
For gas phase reactions, in addition a certain specific surface
(BET 0.5 to 1.3 m*/g) and the lowest possible diffusion resis-
tance in penetrating the reactants are necessary. A multimodal
(at least bimodal) pore distribution characteristic promotes
the diffusion behavior. The chemical composition may vary
according to the prior art; however, alpha-Al,O; substrates
have proven successful in practice. In addition, reference is
made to accompanying elements which may adversely affect
the selectivity, such as a high SiO, content.

In the production of porous framework structures, the
required sintering process is usually not maintained until the
compression, and instead is interrupted. An increase in the
porosity is often achieved using organic additives having a
placeholder function. Pore distributions are thus obtained
which are directly related to the grain sizes of the raw mate-
rials used. Large pore channels are thus preferably produced
using large grains (see US 2003/162655). However, the use of
large grains results in small specific surfaces and low
mechanical stability, provided that no appreciable secondary
phase quantity is added. In addition, larger quantities of
organic additives do not fundamentally alter this behavior,
since the framework structure is composed of Al,O,.

The object of the present invention, therefore, is to provide
a substrate material for filtration applications or for catalysts
(catalyst support), for example, which does not have the dis-
advantages of the prior art. The object of the present invention
in particular is to provide a substrate material for filtration
applications or for catalysts (catalyst support), for example,
having a framework structure with the highest possible
mechanical stability.

According to the invention, this object is achieved by a
substrate material having the characterizing features of the
main claim. The substrate material according to the invention
has the highest possible Al,O; content. Preferred embodi-
ments are characterized in the subclaims.

The substrate material according to the invention contains
90% to almost 100% by weight, preferably 92 to 98% by
weight, particularly preferably above 98% by weight, of
AL, O;, based on the sum of all inorganic components.
According to the invention, all known Al,O; phases are
usable in principle. Preferably used according to the invention
are alpha-Al,O; as well as Al,O; precursors, for example
Al(OH),, AIOOH, or transition aluminas. The substrate mate-
rial according to the invention may contain trace impurities,
depending on the raw material. The substrate material accord-
ing to the invention preferably contains less than less than
0.05% by weight of TiO,, less than 0.2% by weight but
greater than 0.02% by weight, in particular less than 0.1% by
weight but greater than 0.02% by weight, of Na,O, and/or less
than 1% by weight, in particular less than 0.6% by weight, of
Si0,.
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The substrate material according to the invention has a
highly porous, mechanically stable, component-penetrating
framework structure; this mechanically stable framework
structure according to the invention which imparts mechani-
cal strength to the substrate material is achieved according to
the invention not by a large secondary phase quantity, but,
rather, by a specialized sintering technique coupled with a
particular raw material selection of the quantities and grain
sizes to be used. These measures allow the highly porous,
mechanically stable, component-penetrating framework
structure intended according to the invention.

The selection of the aluminum oxides to be used and of the
quantities and grain sizes of organic substances to be used is
essential to the invention, since, in addition to slight shrink-
age due to relatively coarse Al,O; having grain sizes of 3to 5
um, fine-grained Al,O; having grain sizes of 0.3 to 1 um is
also necessary for achieving the sintering and the mechanical
stability, as well as for achieving a defined specific surface
according to the invention.

Tests have shown that the use of Al,O; precursors, for
example AI(OH),, AIOOH, or transition aluminas, is particu-
larly advantageous for the high mechanical stability required
according to the invention.

According to the invention, the highly porous, mechani-
cally stable, component-penetrating framework composed of
alpha-Al,O; is formed by the use of certain additives in the
production of the substrate material according to the inven-
tion. The additives selected according to the invention which
are responsible for the pore formation, referred to below as
pore-forming agents, play a special role in this regard.

Pore-forming agents of the inorganic as well as the organic
type having certain grain sizes are materials which are added
to the starting mixture, and which after the sintering and firing
are completely removed from the substrate and completely
burned off, thus providing a controlled porosity in the sub-
strate material according to the invention. Examples of mate-
rials which may be used as pore-forming agents include car-
bon-containing materials such as carbon powder and
graphite, powdered plastics such as polyethylene, polysty-
rene, and polycarbonate, resin, starch, cellulose and materials
based on cellulose, wood flours, and other plant materials
such as ground nut shells, for example pecan, cashew, walnut,
and hazelnut shells. In addition, certain binders based on
carbon may be used as pore-forming agents. Preferred pore-
forming agents are organic pore-forming agents in non-
swellable form, in particular materials derived from cellulose,
such as ground nut shells, preferably walnut shell flour.

According to the invention, coarse organic components,
preferably walnut shell flour having a relative grain size of 10
to 20 um maximum and/or having a relative grain size of 100
to 500 um maximum, are preferred in the production. The
highly porous, mechanically stable, cohesive, component-
penetrating framework structure of the alpha-Al,O; obtained
according to the invention, similar to a secondary phase, is
situated in the gaps in the additive component, thus forming a
second component-penetrating framework.

For producing an extrudable starting mixture for the sub-
strate material according to the invention, binders known per
se are used according to the invention, for example celluloses,
substituted celluloses such as methylcellulose, ethylcellu-
lose, and carboxyethylcellulose, stearates such as organic
stearates, for example methyl stearate or ethyl stearate,
waxes, polyolefin oxides, and mixtures of such binders or
similar substances. According to the invention, water-
swellable organic binders are preferred.
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For minimizing the friction forces in the production of the
substrate material according to the invention, lubricants may
be used, for example colloidal silicic acid dispersions, waxes,
and/or refined mineral oils.

The starting components selected according to the inven-
tion are mixed to form an extrudable compound, and the
extrudable compound is subsequently molded into, for
example, cylinders, rings, or similar shapes using suitable
cutting and drying processes. Ring-shaped geometries may
have, for example, an external diameter of 6 to 9.5 mm, an
internal diameter of 2 to 5 mm, and a length of 5 to 9.5 mm.
The molded bodies thus obtained are then sintered in the
temperature range between 1350° C. and 1550° C. with resi-
dencetimes of 1 hto 10h, preferably attemperatures of 1480°
C. and with a residence time of 2 h.

The substrate material according to the invention thus
obtained is highly porous and is provided with a mechanically
stable, component-penetrating framework structure com-
posed of alpha-Al,O;, and achieves the object of the inven-
tion.

The substrate material according to the invention prefer-
ably contains up to 30 to 90% by weight (based on the sum of
all inorganic components) of a first alpha-Al,O; component
having a primary crystal grain size of 1 to 3 pm and an
agglomerate size of 3 to 5 pm, and up to 10 to 70% by weight
(based on the sum of all inorganic components) of a second
alpha-Al,0; component having a primary crystal grain size
0f' 0.3 to 1 um and an agglomerate size 0of 0.5 to 1 pm.

In another preferred embodiment, the highly porous sub-
strate material according to the invention which is provided
with a mechanically stable, component-penetrating frame-
work structure contains, in addition to the first and second
alpha-Al,O, component, up to 50% by weight (based on the
sum of all inorganic components) of an Al,O; component
which has been formed in situ from an Al,O; precursor mate-
rial during the production, preferably from AI(OH),, AIOOH,
or transition aluminas, particularly preferably from AI(OH),
having a grain size of 1.3 um.

In another preferred embodiment, the highly porous sub-
strate material according to the invention which is provided
with a mechanically stable, component-penetrating frame-
work structure has a multimodal pore structure with high
porosity, and at the same time has high mechanical strength.

In another preferred embodiment, the highly porous sub-
strate material according to the invention which is provided
with a mechanically stable, component-penetrating frame-
work structure has a specific surface (measured according to
BET) of 0.5 to 1.3 m*/g, in particular a specific surface of 0.5
to 0.95 m*/g.

In another preferred embodiment of the highly porous sub-
strate material according to the invention which is provided
with a mechanically stable, component-penetrating frame-
work structure, the weight loss, determined as a measure of
the abrasion resistance according to ASTM D 4058-81, is 5 to
40%.

In another preferred embodiment, the highly porous sub-
strate material according to the invention which is provided
with a mechanically stable, component-penetrating frame-
work structure may absorb water in quantities between 41%
and 60% (measured according to ASTM C 373-56).

In another preferred embodiment, the highly porous sub-
strate material according to the invention which is provided
with a mechanically stable, component-penetrating frame-
work structure has breaking forces of greater than 50 N (de-
termined in the vertex pressure process).

In another preferred embodiment, the highly porous sub-
strate material according to the invention which is provided

15

20

35

40

45

55

60

65

4

with a mechanically stable, component-penetrating frame-
work structure has a pore diameter distribution curve (mea-
sured by mercury intrusion porosimetry) which has a relative
maximum between 0.3 and 1.3 pm and another relative maxi-
mum between 15 and 60 um.

In another preferred embodiment, the highly porous sub-
strate material according to the invention which is provided
with a mechanically stable, component-penetrating frame-
work structure has further pore diameter maxima in the range
01100 to 500 um in addition to the relative maxima which are
determinable by mercury intrusion porosimetry.

In another preferred embodiment, the highly porous sub-
strate material according to the invention which is provided
with a mechanically stable, component-penetrating frame-
work structure has a TiO, content of less than 0.05% by
weight.

In another preferred embodiment, the highly porous sub-
strate material according to the invention which is provided
with a mechanically stable, component-penetrating frame-
work structure has an Na,O content of less than 0.2% by
weight but greater than 0.02% by weight, in particular less
than 0.1% by weight but greater than 0.02% by weight.

In another preferred embodiment, the highly porous sub-
strate material according to the invention which is provided
with a mechanically stable, component-penetrating frame-
work structure has an SiO, content of less than 1% by weight,
in particular less than 0.6% by weight, of SiO,.

The present invention further relates to a method for pro-
ducing the substrate material according to the invention
which is provided with a mechanically stable, component-
penetrating framework structure, in which, based on the sum
of all inorganic components, 90 to almost 100% by weight,
preferably 92 to 98% by weight, particularly preferably
greater than 98% by weight, of Al,O;, between 5% by weight
and 60% by weight of organic pore-forming agents in non-
swellable form, between 0.5% by weight and 3% by weight of
water-swellable organic binders, between 0.5% by weight
and 5% by weight of organic liquids for minimizing the
friction forces, and between 10% by weight and 30% by
weight of water are mixed to form an extrudable compound,
the extrudable compound is subsequently molded into, for
example, cylinders, rings, or similar shapes using suitable
cutting and drying processes, and the molded bodies thus
obtained are sintered in the temperature range between 1350°
C.and 1550° C. with residence times of 1 hto 10 h, preferably
at temperatures of 1480° C. and with a residence time of 2 h.

A method for producing the substrate material according to
the invention which is provided with a mechanically stable,
component-penetrating framework structure is particularly
preferred in which alpha-Al,O;, Al,O; precursors, for
example Al(OH);, AIOOH, or transition aluminas, or mix-
tures of these Al,O; components is/are used as Al,O;.

A method for producing the substrate material according to
the invention which is provided with a mechanically stable,
component-penetrating framework structure is also preferred
in which one or more organic pore-forming agents having a
relative grain size of 10 to 20 um maximum and/or having a
relative grain size of 100 to 500 pm maximum are used as
organic pore-forming agents.

A method for producing the substrate material according to
the invention which is provided with a mechanically stable,
component-penetrating framework structure is also preferred
in which the organic pore-forming agents are selected from
starch, walnut shell flour, pecan shell flour, polystyrene, poly-
ethylene, polycarbonate, cellulose, wood flour, or carbon.

A method for producing the substrate material according to
the invention which is provided with a mechanically stable,
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component-penetrating framework structure is also preferred
in which the extrudable compound is molded into ring-
shaped geometries using suitable cutting and drying pro-
cesses, the ring-shaped geometries having, for example, an
external diameter of 6 to 9.5 mm, an internal diameter of 2 to
5 mm, and a length of 5 t0 9.5 mm.

The present invention further relates to the use of the sub-
strate material according to the invention which is provided
with a mechanically stable, component-penetrating frame-

6

work structure as a catalyst support, as a catalyst support for
ethylene oxide synthesis, for filtration purposes, and/or for
filtration purposes for solid/liquid separation.

The examples listed in Table 1 and identified by Ex 1
through Ex 5 are intended to explain the present invention in
greater detail without limiting same. The examples listed in
Table 2 and identified by Comp 1 through Comp 5 are not
according to the invention, but, rather, are used for compari-
son.

TABLE 1

Raw material Ex1 Ex 2 Ex3 Ex 4 Ex S Raw material characteristic

AlL,O; (1) 50 50 50 40 50 Al,Oj, primary grain: 2 um,
agglomerate: 4 um, BET: 1.2 m?/g

Al,O; (2) 20 50 0 30 10 Al,Oj, primary grain: 0.5 pm,
agglomerate: 0.7 pm, BET: 7 m?*/g

Spray powder 0 0 0 0 0 Spray powder composed of AlL,O3
(1) (80) + ALO; (2) (20) +
cornstarch (33)

Al(OH); 30 0 50 30 40 Al(OH)j;, primary grain: 1.3 um,
BET 3.5 m%/g

AlL,O;(3) 0 0 0 0 0 Al,Oj, primary grain: 1.2 pm,
agglomerate: 1.4 um, BET 3.7 m%/g

Al,O; (4) 0 0 0 0 0 Al,Oj, primary grain 2 pm,
agglomerate: 80 pm, BET: 1 m%/g

Cornstarch 0 0 0 0 0 Cornstarch, organic pore-forming
agent, 15 pm particles

Cellulose 0 0 0 0 0 Cellulose, organic pore-forming
agent, 120 pum particles

Walnut shell flour 1 37.5 56.2 25 375 37.8 Walnut shell flour, organic pore-
forming agent, 300 pm particles

Walnut shell flour 2 0 0 0 0 0 Walnut shell flour, organic pore-
forming agent, 180 pm particles

Wax 0 0 0 31 3.1 Diamide wax, 15 pm particles

Cellulose 2 1.9 1.9 1.9 3.1 3.1 Swellable cellulose, binder

SiO, dispersion 0.38 0.38 0.38 0.38 0.38 Colloidal silicic acid dispersion,
40% solids

Lubricant 3.5 3.5 3.5 3.5 3.5 Refined mineral oils, lubricant

Water 27.5 325 30 30 31

Firing temperature/t  1480°C.J/2h 1440°C./2h 1480°C./2h 1480°C.,2h 1480°C./2h

Water absorption in 48 50 50 48 55 See: ASTM C 373-56

%

Weight loss in % 22 25 21 18 24 According to ASTM D 4058-81,
30 minutes

Breaking force in N 100 130 97 100 20 Vertex pressure process

BET 0.9 0.7 0.9 0.9 1 DINISO 9277

d50 pores 1 in pm 0.8 1 1.3 1 1.2 By mercury intrusion porosimetry

d50 pores 2 in pm 50 50 35 55 55 By mercury intrusion porosimetry

TABLE 2

Raw material Comp 1 Comp 2 Comp 3 Comp 4 Comp 5  Raw material characteristic

AlL,O; (1) 0 0 80 80 0 Al,Oj, primary grain: 2 um,
agglomerate: 4 um, BET: 1.2 m?/g

Al,O; (2) 20 20 0 0 20 Al,Oj, primary grain: 0.5 pm,
agglomerate: 0.7 pm, BET: 7 m?*/g

Spray powder 0 0 0 0 80 Spray powder composed of AlL,O3
(1) (80) + ALO; (2) (20) +
cornstarch (33)

Al(OH); 0 0 0 20 0 Al(OH)j3, primary grain: 1.3 um,
BET 3.5 m%/g

Al,O;(3) 0 0 20 0 0 Al,Oj, primary grain: 1.2 pm,
agglomerate: 1.4 pm, BET 3.7 m%/g

AlLO; (4) 80 80 0 0 0 Al,O3, primary grain 2 um,
agglomerate: 80 um, BET: 1 m?/g

Cornstarch 12.5 0 12.5 12.5 7.5 Cornstarch, organic pore-forming
agent, 15 pm particles

Cellulose 18.8 12.5 12.5 12.5 7.5 Cellulose, organic pore-forming
agent, 120 pum particles

Walnut shell flour 1 0 0 0 0 0 Walnut shell flour, organic pore-
forming agent, 300 pm particles

Walnut shell flour 2 0 12.5 12.5 18.8 0 Walnut shell flour, organic pore-

forming agent, 180 pm particles
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TABLE 2-continued

Raw material Comp 1 Comp 2 Comp 3 Comp 4 Comp 5  Raw material characteristic

Wax 0 0 0 0 0 Diamide wax, 15 pm particles

Cellulose 2 2.5 2.5 2.5 6.2 Swellable cellulose, binder

Si0, dispersion 1.1 1.1 1.1 1.1 3.8 Colloidal silicic acid dispersion,
40% solids

Lubricant 3.5 3.5 3.5 3.5 3.2 Refined mineral oils, lubricant

Water 325 37.7 33.8 41.2 47

Firing temperature/t  1480°C./2h 1440°C./2h 1440°C/2h 1440°CJ2h 1440°C.J2h

Water absorption in 44 52 44 59 53 See: ASTM C 373-56

%

Weight loss in % 90 100 25 42 70 According to ASTM D 4058-81,
30 minutes

Breaking force in N 20 25 40 38 41 Vertex pressure process

BET 0.65 0.65 0.7 0.8 0.6 DIN ISO 9277

d50 pores 1 in pm 1 0.6 1 By mercury intrusion porosimetry

d50 pores 2 in pm 7 10 5 6 8 By mercury intrusion porosimetry

The invention claimed is:

1. A substrate material comprising a mechanically stable,
component-penetrating framework structure comprising of
alpha-Al,0;, wherein the substrate material comprises inor-
ganic components and has a multimodal pore structure,
wherein the substrate material has a specific surface mea-
sured according to the BET method of from 0.5 to 1.3 m*/g,

wherein the alpha-Al,O; comprises from 30 to 90% by

weight of a first alpha-Al,O; component based on the
sum of all inorganic components, wherein the first
alpha-Al,O; component has a primary crystal grain size
of'1 to 3 um and an agglomerate size of 3 to 5 um, and
from 10 to 70% by weight second alpha-Al,O; compo-
nent based on the sum of all inorganic components,
wherein the second alpha-Al,O; component has a pri-
mary crystal grain size 0f0.3 to 1 pmand an agglomerate
size 0f 0.5to 1 um.

2. The substrate material according to claim 1, wherein the
alpha-Al,O; comprises up to 50% by weight of an Al,O,
component based on the sum of all inorganic components,
wherein the has been formed in situ from an Al,O; precursor
material during production of the substrate material.

3. The substrate material according to claim 2, wherein the
Al,O; precursor is selected from the group consisting of
Al(OH);, AIOOH and a transition alumina.

4. The substrate material according to claim 1, wherein the
specific surface is from 0.5 to 0.95 m*/g.

5. The substrate material according to claim 1, wherein
weight loss after sintering, determined as a measure of the
abrasion resistance according to ASTM D 4058-81, is from 5
to 40%.

6. The substrate material according to claim 1, wherein the
substrate material absorbs water in quantities between 41%
and 60% measured according to ASTM C 373-56.

7. The substrate material according to claim 1, wherein the
substrate material has breaking forces of greater than 50 N
determined in the vertex pressure process.

8. The substrate material according to claim 1, wherein the
pore diameter distribution curve thereof measured by mer-
cury intrusion porosimetry has a relative maximum between
0.3 and 1.3 pm and another relative maximum between 15 and
60 pum.

9. The substrate material according to claim 1, wherein the
substrate material has further pore diameter maxima in the
range of 100 to 500 um in addition to a relative maxima
determinable by mercury intrusion porosimetry.
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10. The substrate material according to claim 1, wherein
the substrate material has a TiO, content of less than 0.05% by
weight.

11. The substrate material according to claim 1, wherein
the substrate material has an Na,O content of less than 0.2%
by weight but greater than 0.02% by weight.

12. The substrate material according to claim 1, wherein
the substrate material has a SiO, content of less than 1% by
weight.

13. A method for producing the substrate material of claim
1, comprising mixing Al,O, together with an organic pore-
forming agent in nonswellable form, a water-swellable
organic binder, an organic liquid for minimizing friction, and
water to form an extrudable compound,

molding the extrudable compound to form a molded body,

and

sintering the molded body at a temperature in the range

between 1350° C. and 1550° C. for 1 hour to 10 hours.

14. A method according to claim 13, wherein at least one
Al,O; precursor selected form the group consisting of
Al(OH);, AIOOH and a transition aluminas is present as the
Al O;.

15. A method according to claim 13, wherein the organic
pore-forming agent has a relative grain size of 10 to 20 pm
maximum or having a relative grain size of 100 to 500 pm
maximum.

16. A method according to claim 13, wherein the organic
pore-forming agent is selected from the group consisting of
starch, walnut shell flour, pecan shell flour, polystyrene, poly-
ethylene, polycarbonate, cellulose, wood flour and carbon.

17. A method according to claim 13, wherein the extrud-
able compound is molded into ring-shaped geometries using
suitable cutting and drying processes, the ring-shaped geom-
etries having an external diameter of 6 to 9.5 mm, an internal
diameter of 2 to 5 mm, and a length of 5 to 9.5 mm.

18. A catalyst support comprising the substrate material of
claim 1.

19. A filter comprising the substrate material of claim 1 for
filtration purposes.

20. The substrate material according to claim 9, wherein
the substrate material has a TiO, content of less than 0.05% by
weight.

21. The substrate material according to claim 6, wherein
the substrate material has a TiO, content of less than 0.05% by
weight.



